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The development of ultra-light pixelated ladders is motivated by the requirements of 
the ILD vertex detector at ILC. This paper summarizes three projects related to system 
integration. The PLUME project tackles the issue of assembling double-sided ladders. 
The SERWIETE project deals with a more innovative concept and consists in making 
single-sided unsupported ladders embedded in an extra thin plastic enveloppe. AIDA, 
the last project, aims at building a framework reproducing the experimental running 
conditions where sets of ladders could be tested. 

1 Introduction 



Figure 1: The two geometry options for the ILD vertex detector. On the right a rather 
conservative approach based on five equidistant single-sided layers. On the left a more 
ambitious design with three layers equipped on both sides with sensors (~ 2 mm apart). 

Physics goals and running conditions envisaged at the ILC impose very strong require- 
ments on the performances of the vertex detectors, whose two alternative geometries en- 
visaged for the ILD setup [1. are shown in Figure [TJ In particular, the impact parameter 
resolution has to be as good as gjp = a © b/(psm 3 ^ 2 (0)) where a < 5 /im and b < 10 /im 
GeV, far beyond what was achieved until now. This impacts strongly the allowed material 
budget, ambitiously defined in the ILD Letter of Intent as 0.16% and 0.11% radiation length 
per layer for the double and the single-sided options respectively. 
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Monolithic Active Pixel Sensors (MAPS) are developed at IPHC-Strasbourg to achieve this 
goal. MAPS integrate on the same silicon substrate the radiation sensitive element (a thin 
epitaxial layer paved with p-n junctions) and the signal processing electronics (based on 
CMOS transistors). Excellent minimum ionizing particle tracking performances were ob- 
tained with these devices on a series of MIMOSA (Minimum Ionizing MOS Active sensor) 
chips ([2] -[!]), with a measured spatial resolution down to 1 /im for a 10 /im pixel pitch 
([5],[E])- They naturally offer a reduced material budget since the epitaxial layer thickness 
amounts to less than 20 /mi, resulting into a total useful sensor thickness below 30 jam. 
Three projects related to sensor integration will be described in this paper: the PLUME 
project focuses on the concept of double-sided ladder, the SERWIETE project addresses the 
issue of embedding sensors in an extra thin enveloppe to build a supportless single-sided 
ladder and the AID A project aims at building a framework where ladders can be tested in 
running conditions reproducing those of real experiments. 

2 PLUME project 
2.1 Introduction 

PLUME stands for Pixelated Ladder with Ultra-Low Material Embedding ([7], [8]). The 
project has started in 2009 and aims at providing a double-sided ladder prototype with 
a material budget below 0.3% radiation length in view of the ILD Detector Baseline Docu- 
ment to be delivered in 2012. 
In the double-sided option, two hits on the two sides of a ladder, originating from the 




Transversal view Longitudinal view 



Figure 2: PLUME ladder concept: 2x6 MIMOSA-26 sensors thinned down to 50 //m, plus 
low mass flex cables and foam support. The targeted material budget is ~ 0.3% radiation 
length. 

same traversing particle, can be correlated and used to reconstruct a minivector. Hence a 
better resolution on the impact parameter, a probably easier alignment and an improved 
reconstruction of shallow angle tracks. 

The PLUME collaboration encompasses the universities of Bristol and Oxford, DESY and 
IPHC (in synergy with IK-Frankfurt and LBNL). 

The double-sided ladder concept, developed within this collaboration, is based on MIMOSA- 
26 sensors [9] (18.4 /im pitch, 576x1172 pixel array, Equivalent Noise Charge (ENC) < 15 
electrons, spatial resolution a < 4 /im) thinned down to 50 /im. Nevertheless the ladder 
concept developed is also adapted to other sensors such as Fine Pixel CCD (FPCCD) [10] 
or In Situ Storage Image Sensors (ISIS) [TT] . 

Figure [2] illustrates the concept. Six sensors are glued and butted on a kapton- metal flex 
cable. To make a double-sided ladder, two flex cables are glued on each side of a stiffener, 
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currently Silicon Carbide foam with 8% density. The flex cables are wire bonded to other, 
simpler, flex cables which transfer the signals and make the connection to the DAQ and 
servicing board located about 1 m away. 

Sensors will be power-pulsed to benefit from the ILC beam cycle (at most 1/50 duty cycle) 
in order to reduce the average power consumption (around 100 mW/cm 2 ). The whole setup 
will be air-cooled in order to ensure the optimized running conditions of the sensors. 
The main objectives of this work are the material budget suppression, that will be achieved 
in several steps, and the necessary expertise to produce the ladders (electrical design, me- 
chanical support). The power consumption is also a crucial point that may be tackled by 
power pulsing the sensors (in a magnetic field) and using air-flow cooling. The resulting in- 
desirable consequences (Lorentz forces, vibrations) will be studied and suppressed in order 
to minimize their influence on the impact parameter resolution. 

Another possibility for the double-sided ladder option would be to have sensors with differ- 
ent functionalities on each side. One side could be dedicated to spatial resolution whereas 
the other would be optimized for temporal resolution. 

The PLUME project is organised in 3 to 4 steps which allow to approach its target specifi- 
cations in a progressive way. 

2.2 First prototype: PLUME 2009 




Figure 3: Picture of the first PLUME ladder prototype (left) and its installation on the 
beam line in November 2009 (right). 

ladder : 2 planes 
combined (mini- ve ctor) 



single plane face 2 

e plane fa ce 1 



The goal of the PLUME 2009 ladder 
prototype was to settle the fabrication and 
beam test procedure. It is therefore a 
still rudimentary version of the final de- 
vice. Figure [3] shows the prototype and 
the test setup that was tested in Novem- 
ber 2009 with a 120 GeV pion beam at the 
CERN-SPS. This prototype is composed of 
2xMIMOSA-20 analogue output sensors on 
each side, thinned down to 50 /im, providing 
a 1x4 cm 2 large sensitive area. A prelim- 
inary study was performed eventhough the 
sensors and the flex cables were not yet optimized. The results show as expected a 20 to 30% 




Track residuals (f.im) 

Figure 4: Track residuals derived from the 
beam data collected at CERN. 
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improved spatial resolution (factor l/y/2) by associating the hits on the two sides. Figure 
2] displays in black and red the track residuals for each single plane (~ 7.7 /im) and in blue 
those for the correlated hits (~ 5.9 /im). 




Figure 5: PLUME 2010 material budget across the sensors sensitive area (left) and bottom 
and top view of a PCB version of the PLUME flex cable (right). 

The 2010 prototype will be the first version featuring the final device design with 
6xMIMOSA-26 binary output sensors operated simultaneously on the same flex cable. The 
material budget estimate for this prototype is about 0.65% radiation length in the sensors 
sensitive area. Figure [5] displays the variation of material budget across the flex cable. A 
ladder is expected to be mounted in Summer 2010 and tested on beam later on. 
Several test benches are now being prepared. An air-flow cooling test bench at IPHC will 
enable to study the temperature spread over and through the flex cable in order to define 
the air-flow cooling system. A power pulsing test bench is now operational at DESY and 
will study the different parameters governing the power consumption and allowing to reduce 
it without degrading the sensor performances. A position survey test bench is also being 
prepared by Oxford and Bristol Universities. 

The 2011 flex design will tackle the issue of the material budget by reducing the traces 
thickness (currently 17 /im), adjusting the flex cable width to the sensors width (13.8 mm) 
and minimizing the impact of the stiffener. 



3 SERWIETE project 




-43 mm -120 'Tim 



Figure 6: Sketch of the two SERWIETE prototypes. On the left, the 2010 prototype 
equipped with 1 analogue output MIMOSA-18 sensor. On the right, the 2011 prototype 
with 3 binary output MIMOSA-26 sensors with indication of some metal traces. 
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The acronym SERWIETE stands for SEnsor Raw Wrapped In an Extra Thin Envelope. 
This project is part of the Hadron Physics 2 (HP2) E.U. program (FP7) and aims at realizing 
an unsupported layer of thin MIMOSA sensors wrapped in polymerized film with a budget 
material below 0.15% radiation length. 

Because of their thin sensitive volume, MAPS can be thinned down to less than 30 /im, 
without affecting their tracking performance. This allows not only for a minute material 
budget but also for non-planar detector layers: thin silicon is flexible enough and can be 
bent to form a cylinder with a radius in the order of a centimeter. However this object is 
difficult to handle and to connect using standard methods (wire bonding). 
A new challenging packaging technique is developed by the IMEC company ([12], [13]). In 
this approach, the sensor is protected from both sides by polymer components (10-20 fim 
thick, polyimide based insulator). Metal traces are deposited on top and directly connected 
to bonding pads through integrated vias in the polymer to provide electrical connection. 
Two prototypes, as illustrated by Figure [6j are foreseen within this study. The high-precision 
tracker MIMOSA-18 [14 (10 /mi pitch, 512x512 pixel array, ENC < 10 electrons, a < 1 
/im) has been chosen for the first monolithic sensor embedding process demonstrator. The 
first SERWIETE prototype will feature one metal layer and a silicon equivalent thickness 
of ~50 jam. It is expected to be fabricated by the end of 2010. The second prototype 
foreseen for 2011, will be equipped with 3 x MIMOSA-26 binary output sensors requiring 
two metal layers. Studies of the sensor tracking performances (charge collection properties, 
ENC, signal-to-noise ratio for minimum ionizing particles) as a function of mechanical stress 
(bending) will be performed as well as studies of the thermal properties and aging of the 
packaging. This embedding process may be extended to larger areas (tens of cm 2 ). It may 
also pave the way for the construction of cylindrical multi-sensors compact layers (~ 10 mm 
thick) composing vertex detectors. 



4 Alignment studies within the AIDA framework 
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Figure 7: Vertex oriented infrastructures for the AIDA project. 

PLUME and SERWIETE address the problematics of realizing ultra-light sensor inte- 
gration structures in order to minimize the material budget and thus the degradation of the 
micrometric spatial resolution provided by the sensors. Another major issue for the vertex 
detector is the alignment. To tackle it, infrastructures providing running conditions repro- 
ducing those of real experiments have been proposed within the European FP7 program 
AIDA [15]. The latter aims at delivering by 2013 infrastructures enabling to test sets of 
ladders. The infrastructure design takes into account the possibility of using different types 
of ladders. 
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The complete on-beam test infrastructure, as illustrated by Figure [7J is composed of two 
Large Area beam Telescope stations (LAT) and of a ladder box called AID for Alignment 
Investigation Device. The AID box contains three consecutive pairs of overlapping double- 
sided PLUME ladders in an arrangement similar to the one of the ILD vertex detector. The 
two double-sided ladders belonging to a pair can translate and rotate with respect to each 
other in a controlled way with a micrometric precision. A removable target will be placed 
in front of the box in order to study the vertex reconstruction capabilities. 
An off-beam test infrastructure will investigate thermo-mechanical aspects of the detector 
design and their influence on the alignment including the effect of an air-flow cooling system 
and the impact of power cycling in a strong magnetic field. 

5 Summary 

System integration studies of low mass pixelated vertex detectors are under way for the ILD 
Detector Baseline Document to be delivered in 2012. To achieve the ambitioned impact 
parameter resolution, the material budget of the ladders composing the detector should not 
exceed a few per-mill of radiation length. Within the ILD apparatus, the ladders may be 
equipped with sensors on their two sides in order to improve the overall vertexing perfor- 
mances. 

The development of ultra-light ladders is ongoing within the PLUME and SERWIETE 
projects. The questions addressed are prominent generic issues susceptible to deteriorate 
the sensors micrometric resolution, such as the ladder material budget, the compliance with 
a strong magnetic field and an air-flow cooling system. These developments will also allow 
investigating the added value of double-sided ladders as well as the alignment issue. The 
latter will be addressed within the infrastructure of the recently approved European project 
AIDA. 
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